Early age shrinkage pattern of concrete on replacement of fine aggregate with industrial by-product  by Mishra, R.K. et al.
w.sciencedirect.com
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 3 8 6e3 9 1HOSTED BY Available online at wwScienceDirect
Journal of Radiation Research and Applied
Sciences
journal homepage: ht tp: / /www.elsevier .com/locate/ j r rasEarly age shrinkage pattern of concrete on
replacement of fine aggregate with industrial
by-productR.K. Mishra a,*, R.K. Tripathi b, Vikas Dubey a,c
a Department of Civil Engineering, Bhilai Institute of Technology, Raipur, 493661, India
b Department of Civil Engineering, National Institute of Technology, Raipur, 492001, India
c Department of Physics, Bhilai Institute of Technology, Raipur, 493661, Indiaa r t i c l e i n f o
Article history:
Received 27 January 2016
Accepted 5 May 2016
Available online 1 June 2016
Keywords:
Shrinkage
Shrinkage cone
Cement paste
Granulated blast furnace slag
Pond ash* Corresponding author. Tel.: þ91 982634195
E-mail addresses: rkmishra4776@gmail.co
Peer review under responsibility of The E
http://dx.doi.org/10.1016/j.jrras.2016.05.003
1687-8507/Copyright© 2016, The Egyptian Soc
open access article under the CC BY-NC-ND lia b s t r a c t
This is an experimental work carried out to investigate early age shrinkage pattern of
concrete, prepared, on 50% replacement of industrial by-product (like pond ash and
granulated blast furnace slag) as fine aggregate using OPC, PPC and PSC as a binder. This is
to observe the effect of pond ash and slag as they are having some cementitious properties
and effect of cement type is also discussed. All the mixes were prepared keeping in view of
pumpable concrete without any super plasticizers. Higher shrinkage value indicates the
presence of more bleed water or internal moisture. It is concluded that slag is the best
option for fine aggregate replacement for concrete making and durable structure.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction and scopeThe time-dependent deformations of concrete starts generally
in the hardened portland cement paste. This is a strong
hydrophylic porous material (of typical porosity 0.4e0.55)
normally containing a large amount of evaporable (not
chemically bound) water The material is formed by hydration
of Portland cement grains, which yields (aside from calcium
hydroxide) a very fine gel type structure consisting mainly of
calcium silicate hydrate (3CaO $ 2SiO2 $ 2.5H2O). Due to this
and similar constituents, the material has an enormous in-
ternal surface (roughly 500 m2/cm3). The hydration process,
which continues at normal temperatures for years and never
becomes complete, causes a gradual change of the properties5.
m (R.K. Mishra), jsvikasd
gyptian Society of Radiat
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cense (http://creativecomof cement paste and concrete, which in the field of mechanics
is usually called aging. Furthermore, as the material has a low
degree of chemical stability, its microstructure interacts with
water and undergoes gradual changes in response to stress
environmental conditions Williamson (1972).
These facts are responsible for the extremely complex
thermomechnnical behavior of this material (C S H Gel).
Shrinkage is the time-dependant decrease in concrete volume
compared with the original placement volume of concrete.
Shrinkage results from physical and chemical changes that
occur in the paste fraction of concrete Bentz (1975, 1979),
Altoubat and Lange (2001).
Strength and serviceability of reinforced to all structural
concrete members can be described by mechanical properties
of the materials before mixing. The properties of freshubey@gmail.com (V. Dubey).
ion Sciences and Applications.
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behavior which is well known as shrinkage (expansion
shrinkage, autogenous shrinkage, drying shrinkage etc). It is
observed that pores in a composite containing both shrinking
and non-shrinking solid phases can themselves either shrink
or expand when the matrix shrinks depending upon the
amount of restraint in the system. The expansive deformation
which occurs due to chemical attack of cement paste Thomas
and Jennings (2003).
Concrete shrinks by itself without any change in mass or
temperature in sealed environment is known as autogenous
shrinkage.
Drying shrinkage is defined as the contracting of a hard-
ened concrete mixture due to the loss of capillary water. This
shrinkage causes an increase in tensile stress, whichmay lead
to cracking, internal warping, and external deflection, before
the concrete is subjected to any kind of loading.
Out of these, two principal types of shrinkage are plastic
and drying shrinkage. Plastic shrinkage occurs while concrete
is in the plastic state. Drying shrinkage occurs after concrete
has reached initial set. Technically, drying shrinkage will
continue for the life of the concrete, but most shrinkage will
occur within the first 90 days after placement.
All mortars and concrete are changing their volume from
the moment the binder particles came in contact with water
until severalmonths and years. It is reported that temperature
rise in cement paste increases very rapidly from ambient
temperature i.e. 27 ± 2 Ce70 C within 8e10 h of water
addition whereas mortar and concrete shows temperature
rise up to half of the cement paste from ambient temperature.
Any changes, in temperature resulting from the cement hy-
dration causes an expansion and contraction during the early
ages Hedlund (2000).
1.1. Early age concerns
Durability of structures are affected by concrete shrinkage.
Shrinkage occurs in two distinct phases i.e. early and later
ages. In this work early age is defined as the first day, while the
concrete is setting and starting to harden. Early age shrinkage
is a concern because it is during the early hours, immediately
after casting, that concrete has the lowest strain capacity and
is most sensitive to internal stresses. Early age shrinkage can
result in cracks that form in the microscopic; further
shrinkage at later ages may merely open the existing cracks
and cause problems Uno P. (1998), ACI 209-92 (1997). The most
common solution to reduce early age volume changes is to
avoid drying by proper handling of the concrete for the first
few hours after placement. It is imperative that the concrete
curing begins immediately and follows correct methods. Re-
searchers have reported that autogenous shrinkage in liquid
phase is very little or negligible and progresses slowly over
time in stiffening and hardening phases as compared to
chemical shrinkage which increases very rapidly in liquid
phase in a very short duration and continues in a faster rate
even in hardening phase. It is suggested that if, the early age
shrinkage magnitude exceeds 1 mm/m there is a high risk of
cracking Holt (2001).
It is found in shrinkage modeling, that the rate of strength
gain is inverse to the shrinkage of the concrete; therefore, it ispossible to conclude that a sample hydrating and developing
strength at a faster rate may have less total shrinkage
Christopher and Goulias (2009).
Many physical and chemical changes are observed in
cement paste, mortar and concrete in the process of settling,
bleeding and water loss due to evaporation on early age
environmental exposer. This is due to the chemical reaction
gravitational force and local drying environment.
Depending on the mixture's water-to-cementitious mate-
rials mass ratio (w/c) (and aggregate volume fraction), the
initial freshly cast material may be thought of either as a
concentrated suspension of rigid particles in water or as a
granular water-filled porous media Bentz (2008).
Plastic shrinkage results from surface evaporation due to
environmental conditions, such as humidity, wind speed or
ambient temperature. Plastic shrinkage cracking during
placement of concrete can be ACI 305 R (2007). Drying
shrinkage in concrete is caused by the loss of moisture in the
paste. It is influenced by a variety of factors, including:
1. Environmental conditions (temperature and relative
humidity)
2. Size of the member (surface area to volume ratio)
3. Concrete material factors:
4. Volume of Aggregate
5. Elastic modulus of the aggregate
6. Water/cementitious ratio (w/cm) of the paste
Several researchers have verified both autogenous and
chemical shrinkage and found that they are proportional to
the rate at which concrete strength develops through hydra-
tion. Using the concept that hydration rate is greatly influ-
enced by temperature. It is found that the magnitude of
autogenous shrinkage of cement paste is the result of tem-
perature Mounanga et al. (2004).
Identical dosages of cement and water in the mix and
varying dosages of Super plasticizers have great influence on
early age autogenous shrinkage Mounanga, et al. (2006, 2012).
There is little increase in drying shrinkage when slag
cement is used in concrete, regardless of the percentage used
www.slagcement.org, Hooton, Stanish, and Prusinski (2004),
Videla and Aguilar (2006), Mokarem et al (2003), ACI 224R-01
(2001).
The fundamental problem with shrinkage is that it can
cause undesirable stress development in concrete which can
lead to cracking. Cracking, in turn, will lead to a reduction in
strength and durability. Shrinkage can be of varying openings
like micro to macro may cause vulnerability to the structure.
Decreasing the pH of mixing water early age autogenous
shrinkage increases due to the chemical properties of cement
and chemical reaction between cement and water in hydra-
tion process. This shrinkage process is also increases by in-
crease of temperature Hasan and Rashid (2014)2. Shrinkage cone
Shrinkage measurement is done with Schleibinger Gerate
www.schleibinger.com, (2014) set up as shown in Fig. 1. The
double wall cone-formed vessel is used A triangulation LASER
Table 1 e Properties of OPC, PPC and PSC ultra tech make
cements.
Fig. 1 e Shrinkage cone set up in laboratory.
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some mm. To avoid evaporation on the top surface it may be
covered by transparent silicone oil, or a stainless steel foil. A
standard plastic foil is not diffusion resistant (for autogenous
shrinkage). A reflector may be used if there is a risk of air
bubbles growing where the LASER beam is targeting the sur-
face in a cone-formed specimen container, made of a special
polymer, a thin cone-formed foil is laid. Then the cone is filled
with mortar ore paste. A small piece of polypropylene coated
withmat aluminum foil may laid on the specimen surface as a
kind of reflector for the laser beam. The laser is mounted on a
beam-standwith a rack and pinion. The specimen container is
set below the laser beam.With the rack and pinion the laser is
focused on the reflector and set in the middle of the working
range of ±2 mm. The accuracy of the laser over the whole
range is 8 mm and the resolution is approximately 0.5 mm. The
data of the laser range-finder are digitized and stored in the
data-logger. We can measure temperature and humidity
simultaneously. The shrinkage cone originally had been
developed for measuring the plastic shrinkage.
Using this method, the effects of different kinds and con-
tents of alkali on early age shrinkage and cracking of cement-
based materials have been investigated. The experimental re-
sults have shown that the cracking sensitivity of mortar with
high alkalinity ismore notable than that of plainmortar (Zhou
and Li, 2004).Properties Ordinary
portland
cement
Portland
pozzolana
cement
Portland
slag cement
Consistency (%) 30.50 35.50 30.0
Initial setting
time (minute)
168 188 162
Final setting
time (minute)
235 244 2303. Research objectives
The objective of this research is to determine.
➢ The setting times of concrete for the varieties of cement
and quantity of aggregates used.➢ Relationship between concrete maturity and concrete
shrinkage;
This work will also show the relation between shrinkage
pattern for varieties of cement and concrete made with
them incorporating varieties of fine aggregate and their
combination. This will be very helpful for adoption of
alternative materials as sustainable concrete production.
This study is also very useful from durability point of view
of any structure prepared with concrete other than stan-
dard concrete ingredients.4. Experimental work
4.1. Materials
4.1.1. Cement
OPC, PPC and PSC Ultra tech make cements were used as
binding materials. The properties are tested as per IS:
4031e1988 and shown in Table 1
4.1.2. Aggregates
Natural river sand, Pond Ash and Granulated blast furnace
slag were used as fine aggregate and fine aggregate replace-
ment with river sand as 50% replacement, respectively. Single
sized coarse aggregate were used in this work. All the aggre-
gates were tested as per IS: 383e1970 and satisfying its
requirement as shown in Table 2 and 3 respectively.
4.2. Material characterization
4.2.1. Mix preparation
The equipment is set on flat table. Sample for the cement
paste is prepared keeping the guidelines provided. It is filled
very slowly in the polypropylene foil kept gently in the smaller
cone recommended for cement paste. Sample is leveled with
gentle popping. After placing reflector centrally on the sample
LASER is focused, clicking online numerical and resetting for
recommended raw value offset height setting range-finder t
zero, measurement value 0 mm is set. During whole mea-
surement humidity and temperature was maintained to
40e42% and 25e28 C respectively.
All the design mixes were prepared by satisfying the
criteria of IS: 10262e2009. The ingredients of mixes used are
shown in Table 4. The mixes were prepared and tested for
standard slump test (IS: 1199e1959) with designed slump
value of 150 ± 25 mm. as shown in Fig. 2. The sample is taken
Table 2 e Sieve analysis for fine aggregate.
Material Sieve size Fineness modulus
4.75 mm 2.36 mm 1.18 mm 600 m 300 m 150 m
Sand 98.7 92.8 75.6 41.4 7.1 0.6 2.84
Pond ash 93 87 79 58 13.1 2.1 2.7
GBFS 99.8 98.3 83.9 30.4 4.5 1.1 2.82
Table 3 e Sieve analysis for coarse aggregate.
Sieve analysis Property
Sieve Size (mm) 80 40 20 10 4.75 2.36 Fineness modulus
7.17(% by wt passing) 100 100 78.8 3.4 0.0 0.0
Table 4 e Mix proportions of concrete used (w/b 0.50), fine aggregate replacement 50% by wt.
Mix type Mix name Cement (in kg) Fine aggregate (kg) Coarse aggregate (kg)
Sand Pond ash/slag
M 1 OPC(SA) CONTROL MIX 416 676 e 1100
M 2 OPC(SA þ PA) 467 295 295 1035.65
M 3 OPC(SA þ SL) 416 314 314 1081
M 4 PPC(SA) 466 595 e 989.35
M 5 PPC(SA þ PA) 513 245 245 910.73
M 6 PPC(SA þ SL) 466 277 277 989.50
M 7 PSC(SA) 416 653 e 1068
M 8 PSC(SA þ PA) 467 270 270 999.18
M 9 PSC(SA þ SL) 416 303.50 303.50 1068
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crete keeping all other process as mentioned above.
Shrinkage of cement paste was observed by using cement
paste prepared with OPC, PPC, PSC cement filled in small cone
following standard guideline of testing observations are taken
and plotted for one day shown in Fig. 3.
Similarly shrinkage of concrete with Pond Ash and Gran-
ulated Blast Furnace Slag was observed by using OPC, PPC, PSC
cement filled in bigger cone following standard guideline ofFig. 2 e Nature of mix used for the workability test in the
laboratory.testing observations are taken and plotted for one day shown
in Figs. 4 and 5.
The rising curve in Figs. 3e5 shows chemical shrinkage
Holt (2001), very speedily in OPC cement paste. Looking into
the Fig. 3, it is found that duration of setting is very less as
compared with OPC and PSC cement for PPC cement. The
observed shrinkage value is 1.5 times of OPC cement within
4 h in PPC cement then continuous drying starts which further
drying shrinkage enhances nearly 18 h. This indicates towards
initial hydration rate in the cement used. We can say that
within 2.5 h hydration rate in OPC is 4 times of PPC cement0.0 0.2 0.4 0.6 0.8 1.0
0
200
400
600
800
1000
1200
1400
1600
1800
S
H
R
IN
K
A
G
E
 1
0
DAYS
 OPC CEMENT
 PPC CEMENT
 PSC CEMENT
Fig. 3 e Shrinkage of paste using OPC, PPC, PSC cement.
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Fig. 4 e Shrinkage of concrete using OPC, PPC, PSC with
pond ash as fine aggregate.
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drying shrinkage in OPC and PSC cement is similar in early
24 h. PPC cement to continue its hydration and prevent
shrinkage curing/moistening of sample is must.
Fig. 4 shows the shrinkage of concrete using OPC, PPC and
PSC with Pond Ash as fine aggregate. Bleeding is observed in
M5, and hydration rate is higher to M7, whereas highest
hydration rate is observed in M2. Initial hydration in M5
slows down within 2.5 h but in M7, it slows earlier to M5,
whereas hydration in M2 continues till 4 h. Drying shrinkage
at faster rate is observed in M2. Slow drying shrinkage is
observed inM5 andM7. Initial bleeding in M5 and cycle of
expansive and drying shrinkage is observed may be due to
internal curing resulting from moisture content of fine
aggregate (pond ash, granulated blast furnace slag).
Fig. 5 shows the shrinkage of concrete using OPC, PPC and
PSC with Granulated Blast Furnace Slag as fine aggregate.0.0 0.2 0.4 0.6 0.8 1.0
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Fig. 5 e Shrinkage of concrete using OPC, PPC, PSC with
slag as fine aggregate.Highest hydration rate is observed in M6 lowest in M3 and
somewhat higher in M9. Highest shrinkage value is observed
in M6 possibly due to highest paste content and lowest
aggregate restraint.5. Conclusion
From the above observation we may conclude that-
1) When PPC cement used as a binder evaporation of water
from mix should be avoided or zero moisture movement
condition should be maintained to have maximum hy-
dration and strength gain.
2) From shrinkage point of view PSC cement acts like OPC
cement.
3) PPCePA combination is poorwhere pond ash is used as fine
aggregate replacement as it consumes less aggregate
fraction. PSC e PA combination is moderate, controls
shrinkage and performs nearly OPC e PA combination.
4) Slag as fine aggregate and PSC as binder acts similar as
OPCeSLAG combination.
5) Finally from shrinkage point of view it can be concluded
that slag is the best option for fine aggregate replacement
for concrete making and durable structure.
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